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THE MEASUREMENT OF CABLE 
CHARACTERISTICS 


Coaxial cables play an important 
role in today’s elect ronir world. They 
are vital clenients in television, radio 
communication, radar, blind landing 
devices, and practically every other 
(‘lectronic device employinj^ hi^h I’nv 
(|uencies. The electrical cliaracteristics 
of the cables used in these* applications 
must meet very rigid specifications, ^ 
and the problem of accurately measur¬ 
ing the characteristics is important to 
the cable designer to enalde him to 
cheek his designs, to the cal)le manu- 
fa<‘turer to insp(*ct the cable lH*iiig pro¬ 
duced, and to the cable user to make it 
possible for him to determine accurately 
.^the pro|K‘rties of the cables with which 
he is working. 

In addition to coaxial cables tliere 
are several dual-coaxial and shield(*d 
twin-conductor ty|)es in fairly common 
use, and the television industry use*s 
large amounts of unshielded twin-con¬ 
ductor cables. The problem is to select 
test ecpiipment that will do the job 
simply, with good accuracy, and at rea¬ 
sonable cost, ricneral Uadio C’ompany 
manufactures e(|uipment which meets 
all thet<e re(|uirements, and this series 
of articles will discuss how it can be 
usr*d to measure attenuation, charac¬ 
teristic impedance, velocity of propaga¬ 
tion, capacitance, and other cliaracter¬ 
istics. 


BASIC CABLE CHARACTERISTICS 


C'onvcntion.al transmission line theory 
starts with the line parameters of shunt 
capacitam'e (T) anti conductance id) 
hctivccn the conductors, and series in¬ 
ductance (L) and resistan(‘e {!{} nf the 
conductors. Wave* eejuations deriv<*»l 
from the thciiry and worketl into a 
convenient form contain thr(*e coefli- 
cients that are combinations of tliese 
four parameters, namely: chara<‘teristic 


impedance: 


Zo = lO^* 


[ 7 . 

V? 


ohms, 


... . 101.t) 

velocitv of propagation: v = . per- 

v/T' 

cent of velocity of light in free space, 
attenuation: « = 431.3 (GZo-{- ) 


decib(*ls per hundred feet^ 


These three coetticients, r, and a, 
are most dire(‘tly useful for calculations 
in transmi.ssion-line applications, anti 
capacitance ff’) is also useful in low- 
freiiuemw applications and is often 
needed for the determination of 
which is not always convenient to meas¬ 
ure directly. Conseipiently, the cable 
characteristics most fretjuently u.'^ed are 
Z„, ir, anti (\ with r seldom listed, 


'.loiiit Aniiy-N’jivy SiKfilinifiniw. .MIL-t’-ITH. ilwtwl 
7, lU.Vi. t’oiixint and T\vin-('oialnrtur fur 

Uudiii i-'rL*«|iii*tu*y.'’ 

• In tln‘ iinitii aro ua fulliiua: C in ftftf'ft.; 

(i in /. m al' U.: and K in uiiniu ft. .\l8o, it b 

UANiiiiicd timt tilt* i’uhli* an* Hiiiall. 


• This paper, which will be published in several parts, is a revision of an earlier 
paper by Mr. Thuiston that has been available in pamphlet form. Later installments 
will cover the equipment and procedures used in measuring the significant cable 
characteristics. When the series is complete, reprints will be available.—Editor 
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prol)al)ly In'i’aiiso it is loss frocjuontly 
usotl aiul can, if iummIimI. l>f» found from 
its simple' relation to and ('* It is 
imp<»rtant to consider the freepK'fn'y 
l>ehavior of these characteristics, since 
this factor Kt‘<*Jitly influences the choice 
of measiireinent inethiHis. 

Fr«qu«ncy Behavior of C, G, L, and ft 

In cables intended for hit;h-fre(|uency 
use*, the insulutinjr material is j^enerally 
polyethylene. Teflon, or a combination 
of fMie of these materials and air. In any 
ca.se, the di<'lectri<' constant and dissi¬ 
pation factor are essentially constant 
from audif) fre(|uencies to microwave 
frcijuencies, a ^reat convenience, 'riius, 
the cai^acitance I/’) is constant, and the 
con<lm*tance ((!) is directly proitortional 
to freciuency.^ (Other types of cables, in 
particular tho.se with rublwr-type insu¬ 
lation u.s<*d at lower fr<'(|uencies or for 
hi^h attenuation at hii^h fre(|uencies, 
are not <onsi<leml in the simplified 
pres4»ntation of this si'ction. 'I'heir ca- 
pa<*itam*e is not constant, so their 
fre(|uency U'havior is moix* compli¬ 
cated.) 

The iN'havior of inductance (A), 
.shown in Figure 1. is influenced by skin 
effect, whereby curn*nt fH'iiet ration 
into a conductor is effectively limited 
to a depth that ilecn'ases as the fre- 
(|uency is rai.sial. At very h)w frecpien- 
cies the effective liepth of current 

, , , nn.iMM) 

■9 in (NT rent » 

*f1 ^ 'ImfCf), in wliirli / in Uit* fn>|m*nry un«l D is tlio 

diA»i|Hiiioti ftti'Uir. 




Figure 2. Current distribution in coaxial transmis¬ 
sion line. 


penetration in metal is larj^e compared 
to the conductor dimensions, and the 
current is jtractically uniformly dis¬ 
tributed over the conductor cro.ss .sec¬ 
tions, as shown by the shaded areas 
of Figure 2. Magnetic flu.x, the aimnint 
of which per unit current determines 
the inductance, exists around the cur¬ 
rent, as indicated by the arrows, and 
sttme of this flux is within the conduc-.*-^ 
tors, nmking indiK'tance a maximum. 

At very high fre<juencies. the depth 
of p<*netration is negligibly .small c'om- 
pared to the cable dimensions, so the 
current is crowde<i int(» the very shallow 
paths indicateil by the black circles in 
Figure 2. With the .same current flow¬ 
ing. the amount of flux irjtlnn the con¬ 
ductors them.selves is negligible, yet the 
flux ffrtwrrn the condiictiirs (in the di¬ 
electric) is unchanged: .so the induct¬ 
ance is le.ss than at low frec|uen<*ies. Xo 
further appreciable reduction in flux 
can occur: thus the inductance is again 
practically constant and remains so. 

The total change of inductance in 
non-magnetic coniluctors is readily cal¬ 
culated from conductor dimenions, and, 
for example, is about 20 [kt I'cnt for 
oO-ohm polyethyleneHlielectric cables. 
The fre(|uency range in which thc^ 
change occurs and the shatx^ of the 

Figura 1. Variation of induclonco with froquoncy 
(orbitrory units). 
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curve in this region are dependent upon 
the size of the cable (the change starts 
at lower fre(|uencies in largiT cables) 
and upon the way the conductoi-s are 
made. Skin elTect is retarded in stranded 
conductors as coinpare»i to srdid con> 
doctors, even thcmgli the individual 
strands are not supposed to b(' insulated 
from om* another, and this fact makes 
it extrenu'ly dilhcult to calculate the 
practical fre(|uency limits (jf the region 
of inductanc(* chang<*. Furthermore, 
normal m(‘(‘hanical variations, and pos- 
Mil)ly electrical inter-strand contact 
variations, in the cable limit the accu¬ 
racy with which tin* inductance curve 
can be measured. (Mearly, the curves 
of Figures I and 3 are idc^alizc'd. For 
example, if Tver: H(l-S F cable had 
soli<l conductors, the upjaT limit ‘ of 
the inductan(*e (‘hangt* region would be 
about 0 Me. Because of the stranding 
^>of the conductors, the upjKT limit is 
higher. |M»s.sibly 15 or 20 Me. 

'fhe behavior of resistance iR) is 
<](*termined by skin elTect. -\s the depth 
t»f current |K^netration is reduced, R 
incmiM»s and lH‘comes approximately 
proportional to the s(|uare root of fre- 
(|U(*ncy when skin depth i)e<*omes very 
small compared to conductor dimen¬ 
sions. The tyjM*, thi<*kne.s.s. and f|Uality 
of plating us<»d on the conductors also 
influences the high-fre(|ueney resist¬ 
ance. anti, at extremely high fretpien- 
eies, a phenomenon callwl ‘‘braid 
effect’’ can make attenuation abnor¬ 
mally high. 

Variation in Zq, v, and a with Fr«qu«ncy 

The characteristic im|)edance, Zo, 

*Krr«lUcmcy iit wliirli the induutAtire is within 1% of the 
fiiml. high’fmiuuncy vulue. 


*igur« 3c. (right) Simplified version of the varia* 
lion of attenuation with frequency (orbitrory unite). 


varies as since C is inde|>end- 

ent of fretjuency, Z« varies as VT. 
Therefore, tht* frc<|uency characteristic 
of shown in Figun* 3a. is very sim¬ 
ilar to that of L (Figure I) except that 
the total |M‘rcenlage changt' of Z* 
lKMw<‘en htw fret|U<‘ncies ami high fre- 
(|uencies is al»out half th(* percentage 
change of /.. 'Fhe change* in Zo is nor- 



Figure 3a. (above) Variation of characteristic im¬ 
pedance with frequency (arbitrary units). 



F«£aUCNC> 

Figure 3b. (above) Variation of veiocity of propa¬ 
gation with frequency (arbitrary units). 
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nmlly complete at freriucncies suffi¬ 
ciently low so that only the final, 
high-fre(|uenry value need he consid¬ 
ered or liste<l, IIowi*ver, s|K*cial sit¬ 
uations aris(» ill which it must he 
considered. As an example, it may he 
convenient fnr a <*ahle manufacturer 
to make tin* test of charact<‘ristic im- 
peilance at a fretimaicy of 1 Me. In 
lld-S/r cable, at this frequency, thi* 
characleri.stic impedance is 4 p(‘r cent 
hirfier than the hi^:h-fre(|uency value 
of oO olims. 'File tar^;et value at 1 Me 
is therehae 5‘J olim.s. 

'I'he velocity of propagation, r, is 


proportional to , , and .so varies as 

y/ IJ' 

the recipnx’al of the Ly (' heinj^ con¬ 
stant. 'J’h(‘ fre(|uency characteri.stie of 
r, .shown in Fi^Jure 3h, is therefore 
the reciprocal of that <*f Zo, shown in 
Fi^:ure 3a. 

'Fhe atleiiualion constant, a, is made 
up of two components, one propor¬ 
tional to li and the other proportional 
to (1. 3'he R component usually domi¬ 


nates at lower frequencies and varies ^ 
as the .s(|uare root of frecpiency when 
current penetration is small compared 
to conductor dimen.sion.s. 'Fhe <i com¬ 
ponent hecomes relatively more im¬ 
portant at hij^her frcujuencies and is 
directly pnjportional to frecpiency. 'fhe 
slojK* of a versus frec|uency when 
plotted on 1o|>;-1ojj: jjjraph paper is t .j 
if R dominates. 1 if (i dominates, ami 
hetween *2 I if neither (me is 

nef!;li^ihh\ A greatly .simplifi(*d high- 
freciuency attenuation characteristic is 
.shown in Figure 3c; more complicat(Ml 
curves would generally l>e obtained 
lK‘cau.s(» (►f the effects of stranding, 
braiding, dielectric imi)urities. and other 
departures from idealized theory. Xor- 
mally, for production te.sting pur])oses 
it is sufficient to measure a at a single 
fre(|uency in the general range of nor¬ 
mal use, hut if an accurate value is 
re(iuir(‘d at .some other fre(|uency. it is^ 
nec{*.s'<ary to make a measurement at 
that freciuency. — W. U. Thlkstox 
( to he continued) 


STANDARD INDUCTORS-A STABILITY 
RECORD 


When theTyp(‘ MS2 Standard Induc¬ 
tors were first introduced in Iff.Vi,* it 
was expected that they would prove to 
he more .stable and rc‘lial)le than their 
long-time pred(‘ce.s.sors, the Tyck lOti 
Seri(*vS. An interval of over four years 
has now demon.strated the validity of 
this prediction and shown a gratifyingly 
high stability, which is attributable 
chiefly to four important IV'atures: 

1. The.se iruluctor.s are wound on 
.solid ceramic, inher(*ntly stable toroidal 
con\s. 

•Ihirnlio W. I^inscin. "A Xew Sene's of StandtinJ Induc- 
U>rs»,” General lladiu Erprrimffttt i. Noveiuber, lUAi?. 


2. They are subjected to an aging 
process to reliev(» winding strains and 
stabilize tlie winding prior to final 
calibration. 

3. Packed in granulated cork, the.se 
toroidal units have e.ssentially a floating 
.support free from any localized t)oint.s 
of strain. 

4. An effective hermetic sealing elim¬ 
inates variaticni in inductamre due to 
ambient humidity. 

Two complete stds of the.se inductors,-^ 
con.structed in the .summer of ItKV2, are 
kept to serve as our primary standards 
of inductance, in terms of which all of 
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our production units are given their 
final calibration for our cei*tificate data. 
One of these sets has been sent to the 
National Bureau of Standards for cali¬ 
bration on three separate occasions, 
namely, in Septeml3er, 10.V2, July, 1955, 
and January, 1957. This means that, in 
addition to 4}^^ yeans of extensive lab¬ 
oratory use, these inductors have 
endured three round trips between 
Cambridge and Washington. 

The Bureau’s certified values of .self¬ 
inductance at 100 cycles olfer convinc¬ 
ing proof of the .stability of the.se units. 
The following table shows the difi'er- 
ences between certified values on the 
three measurement dates, as well as the 
net ov(‘rall shift since the first measure¬ 
ment. These data are given with more 
significant figures than correspond to 
the tolerance limits, =*= 0.03^, to which 
the Bureau certifies absolute inductance. 

In the table, all increments are given 
in parts i)er million. The third column 
indicates the assumed preci.sion of the 
Ihireau’s measununent, ba.sed on a 
tolerance of 1 in the la.st digit. The 



la.st column gives the accuracy to which 
the Bureau certification wa.s given. 

It will 1 k‘ noted that, for the most 
part, the indicated shifts are random 
in character and do not greatly exceed 
the resolution of the Bureau measure¬ 
ments. There is a moderate preporider- 
ance of positive shifts. increa.sc' of in¬ 
ductance. Only the 2h, Ih, and 200 /nh 
units .showed a progre.ssi\7.» uni-direc- 


Ttpr 

tfuliu'tnnre 

Prentiion of 
linrentL o f 

Slantlanls 

Mt'a.'oireme/tls 

Irulivutvii ShtfiM in hnhtvUuire 

Toleninre o f 

Horenu of 
StanJnrJs 
Certifimtion 
of Ahnolnte 
hulortanre 

IHn' 

to 

July l9/)0 

July Woo 
to 

Jftn. Wo7 

iSV/x/. /.V.72 
lo 

Jon. WoT 

1482 T 

10 h 

^ 10 

- 10 

0 

- 10 

^ .400 

1482 R 

5 li 

20 

0 

4- 40 

4- 40 

.400 

1482 Q 

2 li 

sfc 5 

-f .50 

4- 2.5 

4- 7.5 

=4= 400 

1482 P 

1 h 

* 10 

■f -20 

4-20 

4- 40 

^ .400 

1482 N 

.500 mil 

* 20 

0 

4- 00 

4- 00 

400 

1482 M 

200 mh 

± .5 

- .50 

4- 10 

- 40 

^ .400 

1482 L 

100 mh 

=*= 10 

- .50 

4- .50 

0 

db .400 

1482 K 

.50 mh 

-20 

- 20 

4-20 

0 

^ .400 

1482 J 

20 mh 

^ o 

0 

- :J0 

- m 

=4= ,400 

1482 H 

10 mh 

=*= 10 

- 20 

-r 10 

4- 20 

bfc 400 

1482 G 

5 mh 

=*= 20 

+ 100 

0 

4 100 

^ 400 

1482 F 

2 mh 

.5 

0 

4- 20 

4-20 

=fc 400 

1482 E 

1 mh 

10 

0 

0 

0 

400 

1482 D 

.500 Mh 

20 

- 100 

4- 180 

4-80 

.500 

1482 C 

200 Mh 

,50 

4- 200 

4- .50 

4- 2.50 

.500 

1482 B 

100 m1i 

=»= 100 

4- SOO 

- .500 

+ .400 

=4= 1000 


.\nthmi*ti<’ .\vc*nig»* (Omitting 200 ;*li, 100 /ih) 'M 

.\igel>r:iir Mean (Omitting 200 ^ili, 100 /xh) 4- 27 
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tioiml shift. With tlie exception of the 
two smallest inductors (2(K) /ih and KX) 
/L(h) the overall shifts averaged only 37 
and never exccHMied KX) parts per mil¬ 
lion, which is 0.01 jxt cent. It may or 
may not l)e significant that the unit¬ 
valued inductoi-s averaged di.stinctly 
less in overall shift, 14 parts per million. 
In all cases, the over-all (4.3 year) shifts 
indicated by the Bureau data were well 
\\nthin the limits to which the Bureau 
certified the value of inductance. 

The inductors were stal)iliz<*d in a 
constant tempt*rature room for over 48 
hours prior to measurement. Measure¬ 
ments of d-c resistance showed the sta¬ 
bilized tempiTatures for the three 
occasions to lx? within one degree C. 
The temp<*ratur(* C(X*fficient of induct¬ 
ance, about -f 30/1C*, is of the same 
order as the precision of the Bureau 
data. 


The average shift, omitting the two 
smallest inductors, is of the .same ordei 
as that which would lx* protluced by a 
one-degriH* change in temp(»rature. 

We Ix'lieve that the foregoing gives 
a convim-ing proof of the liigh degree 
of stability exhibited by this set of in¬ 
ductors. ()ur regular pnxluction Tvei-: 
1482 units show a comparable degree 
of stability. This has been demon¬ 
strated on numerotis occasions when 
some of our customers have returned 
their inductors to us for recalibration 
in accordance with their own periodic 
recjuirements. 

Such stable and accurately calibrated 
inductors can Im* ustxl with complete 
confidence in all standardizing labora¬ 
tories and for the calil>ration of all types 
of inductors and bridges, as is done in 
our own laboratories. 

— Horatio W. Lamso.v 


AN ENGINEER’S COMPANY 

If you know an engineering student 
or recent graduate who might lx? inter¬ 
ested in either development or sales 
engineering in the electronic in.stru- 
mentation field, we’d like to send him 
a copy of our new booklet ‘^\n Engi¬ 
neer’s C’ompany.” Just send your re¬ 
quest, with the man’s name and ad¬ 
dress, to: 

Mr. Johx D. Quackkxbos 
at our Cambridge office 


General Radio Company 
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